Introduction
On 4th July 2012 both the ATLAS and CMS Collaborations [1] announced the discovery of a Higgs-like particle with mass around 125 GeV [2] . As more data were collected, the properties (spin, CP, couplings, cross section) of the discovered particle were measured. LHC has been operated at center-of-mass energies ( √ s The bosonic decays were used as a tool for the discovery at the initial stage and subsequently as a tool for the measurement of the properties and the confirmation of the discovery. In all these channels the production is studied both inclusively and with events categorised according to the characteristics of the different production modes. The H → ZZ * → 4 channel has a small rate but produces a very clean final state with full reconstruction of the Higgs boson so it's ideal for studies concerning the Higgs boson properties. The final state consists of four isolated leptons (electrons or muons) originating from the primary vertex, one pair of which is expected to have an invariant mass consistent with the Z boson mass. The ZZ * continuum production is the irreducible background. The reducible background consists of Z plus jets and tt production and it is estimated using data driven techniques. Events are categorised in subchannels according to the flavour composition of the pairs. Further categorisation of the events, in order to distinguish the different production modes, proceeds according to the jet content of the events and the existence of additional leptons. Figure 1 (a) shows the four-ton invariant mass distribution of the candidate events. Details of recent ATLAS results can be found in Ref. [3] .
H H H → → → γ γ γγ γ γ decay channel The branching ratio of the H → γγ channel is small, but it produces a clean final state with full reconstruction of the Higgs boson and a signal m γγ peak on top of a large but smooth background distribution. It is therefore an excellent channel to measure the mass and couplings of the Higgs boson. The final state consists of two isolated photons originating from the primary vertex. The diphoton continuum production constitutes the dominant (80%) irreducible background, while the reducible background consists of g-jet and jet-jet. Categories aiming to distinguish events according to the production mechanism of the Higgs boson are formed. Furthermore, events are categorised according to the transverse momentum of the diphoton system and the pseudorapidity of the candidate photons. Figure 1(b) shows the diphoton invariant mass distribution of the candidate events weighted by the signal-to-background ratio in the dataset and category it belongs to. The bottom plot shows the data relative to the background component of the fitted model. The final ATLAS analysis of Run I results are summarised in Ref. [4] .
E. Rossi Figure 1 : (a) Four-lepton invariant mass distribution [3] ; (b) diphoton invariant mass distribution (top) and the data relative to the background component (bottom) [4] ; (c) transverse mass distributions for n j ≤ 1 for the three lepton-flavour samples (top) and the residuals of the data respect to background in H → WW * (bottom) [5] .
The H → WW * decay mode has a large branching ratio. However, the cleaner way to observe this channel is through H → WW * → ν ν, where both the W bosons decay leptonically to electrons or muons. Therefore, due to the two missing neutrinos the Higgs final state can not be reconstructed completely and the signal appears as a broad peak in the transverse mass m T distribution. The signal consists of two isolated, high p T , opposite sign leptons plus missing energy. The main irreducible background is the WW * continuum production. Many sources contribute to the reducible one, such as single top, tt, W /Z plus jets and other diboson production. Events are categorised in subchannels according to the flavour composition of the lepton pair and the number of reconstructed jets in the event. Further categorisation of the events, to distinguish the Vector Boson Fusion production mode, is performed using a boosted decision tree multivariate method. A likelihood function is constructed to simultaneously model the yields of the various subsamples in both the signal and the various control regions. 3. Higgs searches in fermionic decay modes:
The only way to probe the Higgs boson top quark Yukawa coupling is through its associated production ttH. This decay channel has the largest branching ratio (BR) of 58% at m H = 125 GeV. The H → bb final state suffers from huge QCD multijet backgrounds, making impossible the tagging of this final state alone. The only feasible way for this measurement, is through the use of associated production with a vector boson or a tt pair. The analysis is categorised according to the number of leptons in the final state and on the p T of the vector boson. Figure 2 (a) shows the combined results from all the analysis categories. An excess is observed (expected) at the 1.4σ (2.6σ ) level over the background-only hypothesis. Details of the search for H → bb decays can be found in Ref. [7] .
H H H → → → τ τ τ + τ τ τ − More favorable signal-to-background conditions are expected for H → τ + τ − decays that has a BR of 6.3% at m H = 125 GeV.Since τ leptons decay either leptonically or hadronically, the analysis is split into three channels, which are τ lep τ lep , τ lep τ had , and τ had τ had where τ lep is a leptonic τ-decay object (τ → ν τ ν with = e, µ) and τ had is a hadronic τ-decay object (τ → ν τ hadrons). Figure  2 (b) shows the combined results from all the analysis categories. An excess over the SM background prediction is observed. The probability p 0 of obtaining a result at least as signal-like as observed in data without signal presence is calculated. For m H = 125.36 GeV, the observed p 0 value is 2.7 · 10 −6 , which corresponds to a 4.5σ deviation from the background only hypothesis, while 3.4σ deviation is expected. This provides evidence for H → τ + τ − at m H = 125.36 GeV. Details of the search for H → τ + τ − decays can be found in Ref. [6] .
H H H → → → µ µ µ + µ µ µ − Since the Higgs boson coupling to fermions is predicted to be proportional to the mass of the corresponding fermions, the branching ratio for this decay is very small (∼ 2 · 10 −4 ). The signal to background ratio is small as well, 0.2%, but the dimuon spectrum provides a very clean signature with a very good mass resolution and at the same time is the only means of measuring the second generation fermionic couplings. The signal is exactly two isolated opposite sign muons, while there is a huge irreducible background from Drell-Yan. In Figure 2 (c) the observed and expected 95% CL upper limits on the signal strength as a function of m H over the mass range 120 − 150 GeV is shown. No excess of events is observed, leading to an observed limit at 95% CL, of 7.0 times the SM production rate at a Higgs boson mass of 125.5 GeV (with 7.2 expected). Details of the search for this analysis can be found in Ref. [8] .
Associated top Higgs production
The production of the Higgs boson in association with a pair of top quarks (ttH) provides direct sensitivity to the large Yukawa coupling between the top quark and the Higgs boson.The decay modes of the Higgs boson, H → bb, H → W + W − , H → ZZ, H → τ + τ − and H → γγ give a range of different final states in which to search for ttH production. For a Higgs boson with mass m H = 125 GeV the dominant decay mode is into a pair of b-quarks, so it provides the largest number of signal events. However, the large background from the production of tt in association with additional jets makes this a challenging signature to separate from the background. Despite the small rate, the diphoton final state provides a clean signal with very good resolution of m γγ making this channel promising for the ttH search. For the ttH search in multi-lepton final states several of the decay modes of the Higgs boson, H → W + W − , H → ZZ, H → τ + τ − , have been studied. These signatures have a small SM background and so can be used to search for the ttH process. No significant excess of events over the background has been observed in the associated top Higgs production. Details for these analyses can be found in Ref. [9] .
Higgs properties
After the discovery, the ATLAS collaboration has put great effort to study the properties of the newly discovered boson. In order to verify the SM origin or not of the Higgs boson, detailed measurements of its mass, couplings, spin, parity, width and cross section have been performed.
Mass:
In the SM, the Higgs boson mass is not predicted, so its measurement is therefore required for precise calculations of electroweak observables. The H → γγ and H → ZZ * → 4 channels are most sensitive to the Higgs boson mass measurement. The Higgs boson produces a narrow mass peak with a typical experimental resolution of 1.6 GeV to 2 GeV over a smooth background. Several improvements have been incorporated in the final ATLAS analysis of Run I data, that affect directly the determination of the Higgs boson mass [10] . The measured Higgs boson mass in the H → γγ channel is: m H = 125.98 ± 0.42(stat) ± 0.28(syst) GeV and in the H → ZZ * → 4 channel is: m H = 124.51±0.52(stat)±0.06(syst) GeV. The combined mass measurement result is: m H = 125.36±0.37(stat)±0.18(syst) GeV. The consistency between the individual measurements of the Higgs boson mass in the two channels is of 4.9%, corresponding to 1.97σ . A combined mass measurement with CMS data has been performed and recently published [10] .
Couplings: Details of the combined analyses of the Higgs boson production and decay rates as well as its coupling strengths to vector bosons and fermions can be found at Ref. [11] . The combinations take inputs from all the analyses presented in the previous sections. Figure 3 (a) shows the updated measurements of the signal-strength parameter from a simultaneous fit to all decay channels that were analysed. The overall signal strength of each analysis is the combined result of the measurements for different production processes. The measurements are consistent and compatible with a single value with a probability of 76%. They have been combined to result in a global signal-strength value of [11] : µ = 1.18
+0.15
−0.14 = 1.18 ± 0.10(stat) ± 0.07(expt) +0.08 −0.07 (theo) consistent with the SM expectation of µ = 1 with a probability of 18%. The uncertainty on the combination E. Rossi has comparable statistical and systematic components.
Cross-section: ATLAS measured total and differential cross sections for Higgs boson production using the H → γγ and H → ZZ * → 4 events at √ s = 8 TeV [13]. The measured cross sections account for detector efficiency, fiducial acceptances and branching fractions. Figure 3 (b) shows the measured Higgs boson production cross sections in inclusive and exclusive jet multiplicity bins compared to different theoretical predictions. The measured total cross section is 33.0 ± 5.3(stat) ± 1.6(sys) pb which is higher than NNLO and N3LO calculations [12] , but still consistent with the theory predictions. Figure 3 (c) shows the differential cross section as a function of the Higgs boson transverse momentum p H T .
Spin-Parity: The study of the spin and parity properties of the Higgs boson in ATLAS is based on the H → γγ, H → ZZ * → 4 and H → WW * → ν ν decay channels and their combination. It relies on discriminant observables chosen to be sensitive to the spin and parity of the signal while preserving the discrimination against the various backgrounds. Recent ATLAS studies can be found in Ref. [14] .The SM Higgs boson hypothesis, corresponding to the quantum numbers J P = 0 + , is tested against several alternative spin models. Three possible scenarios for the spin and parity of the boson are considered: the hypothesis that the observed resonance is a spin-2 resonance, a pure spin-0 CP-even or CP-odd BSM Higgs boson, or a mixture of spin-0 CP-even and CP-odd states. An example of distributions of the test statistic used to derive the results is presented in Figure 4 (a). The combination of the three decay processes allow the exclusion of all considered non-SM spin models at more then 99% CL in favour of the SM spin-0 hypothesis. For spin 0 models, 
